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CP Eigenstates:  |B®V°") = |BO> 4 ‘BO> Bodd> _ ‘BO> B |BO>
Mass Higenstates: ‘BH> =5 ‘BO> +q ‘BO> BL> = ‘BO> g |BO>

® Mass Difference: Am = My - ML~ 2|M 3|
Directly probes Vi and Vi in oscillations of By & Bs
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See Talk by H. Evans for
details of measurement

opposite side | same side

Measurement of 2. Measurement of decay
production flavour flavour
* |epton or flavour specific

OS kaon flavour final state

SS kaon flavour
lepton flavour
b—XI~, but b—=c—xI*
Jet Charge
multivariate

3. Measurement of Proper
Time
 depends on resolution of
tracking system




See Talk by H. Evans for
details of measurement
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D@: 2.9 O significance
Ams = 18.53 £ 0.93(stat) + 0.30(syst) ps’!




Vts & Vtd

DO0: 0.2018 £0.0053(exp) + 0.0010(Amd) +0.0078-0.0058(¢&)
CDF: 0.2060 +£0.0007(exp) x 0.0010(Amd) +0.0080-0.0060(<)

Ave: 0.2059 £0.0007(exp) = 0.0010(Amd) +0.0080-0.0060(%)

® Uncertainty driven by theoretical calculation of &.
® Full Uncertainties (added in naive quadrature)

® DO0-43% CDF-3.5%

® Require theoretical improvements to progress here...
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® Progress needs to be made on lattice calculations of &

Swiped from:Elvira G amiz v B AN
Lattice QCD Meets Experiment Workshop ey fBS V"B d+ B

Fermilab, | | December 2007 Vis de, \V BBd AM; MBd

fB,/BB, §
statistics+fitting 1 — 3% ~1—2%
inputs (a, myp ...) 2.5% < 0.1%

Higher order matching ~ 3.5% cancel to a large extent

Heavy quark action 1.5 — 2% < 0.2%

Light quark discret.
+ xPT fits

2 — 4%* < 2%*

Total (estimate) 5—T% 2 — 3%

® Possibility of reducing errors by factor of 1.5 - 2 over next two
years
® Progress is difficult




excluded area has CL >0.95

| CKM 2005
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Rare Decays

See Talk by M. Paulini for
other B spectroscopy

® PFOCGSSGS Integrated Luminosity (1/pb)

® Bs—up, Bs—ppX
(CDF & DO)
® D Decays (D0 & CDF)
All Depend on
Integrated Luminosity
Analysis presented here
uses up to 2 fb! of
luminosity

Integrated Luminosi

Days since October 1

Fiscal Year 08 e Fiscal Year 07
v Fiscal Year 03 =« Fiscal Year 02

s+ Fiscal Year O6 o Fiscal Year OS5 = Fiscal Year 04
— Highest — Lowest

DO (I June 2008) Delivered 4.22 fb-!
Recorded 3.66 fb"!

Expect 7-10 fb"! by end of 2010

P5: Tevatron operation is expected to
overlap for at least one year with
physics operation of LHC. This
overlap will be longer in favourable
funding scenario.

Most probable time for a decision
about 2010 run is spring of 2009




Br(B%— p*u) = (3.42 £ 0.54)x10-° Buras, PLB 566, | 15 (2003)
Br(B%—p*p?) = (1.00 £ 0.54)x10-? suppressed by (Vd/Vis)?

Expect O Events at Tevatron
New Physics Contributions

® MSSM ~tan®(pB), for large tan(B),
SUSY with R-parity violation, Z’ with off diagonal couplings, ...




Analysis Steps - Example

Np, ap+ €+ fo— B+
Np+ ap, ‘€8, fo—B.
BR (BT — JUKT)BR (J¥ — p"pu™)

> 600
v

Bs —ptp~) =

Reduce Background, keep efficiency D@ Run |l Pre||m|nary 2 fh'

high =500t Jy K-

3400: —Run Ila

—Run IIb

~~ C
Pre-selection cuts to reduce obvious £3%;

backgrounds > 200;

Optmization (signal efficiency and S e
expected background) e KT [GeVie]
Blind analysis

1

sntries /S MeV/c

N(B) = 11387+164

Reconstruct B*—=)/Y K* normalisation |
MO d e p+(B)>4 GeV/c

m(w)i<1.0

4. Open the box = Answer

515 52 525 53 535 54
ant mass / GeV/c?




U U mass
~ +2.50 mass window Isolation

B vertex displacement

Isolation

fraction of pT from Flight length

B— uy within significance

AR:(An2+A(p2)|/2 SD

Decay length

significance :
T impact

Pr(B) & Pr(l) parameter

significance
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Signal: MC DG Run IIb Preliminary

— Signal MC

Background: data mass — Data

sidebands

Arbitrary

Final selection

® |ikelihood ratio (DO0)
® Neural network (CDF)

CDF Il (2 fb™)

— MC Signal
Data Sideband

Check selection with
control samples

® Misidentified muon
® Same sign muons
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CDF Il Preliminary (2 fb™)
. . N aagn oF

A LS ]

s DG Run lib Preliminary

— Signal MC
— Data
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® No excess observed (2 fb!)
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B%—p*u- B%—ptu

NeuralNet Output (NN)

CDF 8 8
PRL 100,101802 (2008) <4710 <1510 HFAG Average:

DO <73108 <47 108




95% CL Limits on B(B; — uu)
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New Physics

factor of 2 improvement
in 2010 running

95% CL limit f SM branching fraction
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95% CL Limits on @(Bs B ’u'u) Arnovl‘f;ttsglﬁ?ia?tPiin£8=(2§(?2) 121
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95% CL Limits on B(B; — uu)
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Non resonant decays via
box or penguin diagrams

BaBar/Belle:
B*— Ku*u- PRD73,092001 (2006) b
BOy— Kt~ PRL96, 251801 (2006)

Not yet observed:
B — ™y

Predicted branching ratio
|.6x10°

NP: _
Larger BR, modified 0 01 02 03 04 05 06 07
kinematic distributions S

Fourth Generation :
PRD 77, 014016 (2008) |
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B— UK+ B— HUK- B— U

CDF Run Il Preliminary L~1fb" CDF Run Il Preliminary L~1fb”

3 s B.—pup¢ Data

e B'-uu K* Data » B’5pp K Data
—— Signal region i —— Signal region
- Sideband region i - Sideband region

— Extrapolated fit g — Extrapolated fit

447+5.8 ' 18.513.6
4.5 2.90

—— Signal region

7 . 5i 1 = 5 —— Sideband region

— Extrapolated fit
240

Candidates per 10 MeV/c’
Candidates per 10 MeV/c>

5.1 52 53 54 55 56 57 0 ————lL L 1L W o A P P A 11
mueK’) (Geviey © 91 5.2 53 5-4m(5-iﬁo)f£w‘:§;7 5 51 52 53 54 55 56 57

HH m(upg) (GeVic?)
DO

- Sideband 1 Signal region Sideband 2

‘ wl

Events / 5 MeV/c’

0000 ,
ONPODANBOON

52 54 56 58 6 6.2
Invariant mass (U* 1 K* K) [GeV/c’]




BR(B'— u*uw'K*)

| BIR(B°—>| p*g‘K*IU)

BABAR’06 0.31°°°+0.03

-0.12—
|
1

BELLE’04 0.63'°'?+0.03

-0.11
I o I
I |

CDF preliminary 0.60+0.15+0.04
I

NEW average 0.52+0.08

—e— ¥?/ndf = 3.4/2

l |
BABAR’06 0.87'>*+0.12

022

BELLE’04 1.85'%+0.10

I 021
Il

CDF preliminary 0.82+0.31+0.10

NEW average 1.18+0.20
v’/ndf = 5.7/2

04 0.6 0.8

e BR(B%—@u*u) @ 90% CL

CDF(hep-ex/0804.3908)

< 5.0x10°
DO (PRD 74 ,031107 (2006)) < 3.2x10°¢

2.5

Prediction
|.6x10°




BOs— u+u- vs DO— u+p-
® down quark sector vs up
quark sector

Short range contribution to
BR is ~10-'8
® suppressed by GIM

Long range contribution to Long range SM
BR is ~ 4X|O-I3 | X A2k
Burdmanet al. hep-ph/0112235 |

Significant enhancement
possible in SUSY with R-
parity violation | Azok

SUSY with R-parity violation
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Expected Background 4.9%1.3 2.7+1.0 1.0£0.5
Signal 3(p=0.3)  0(p=0.11) 1 (p=0.7)

BR(D® = p*p’) <4.3 x 107 at 90% CL
A21iA22k = |.5+/BR(D® = p*p) < 9.8 x [0
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——— SM (long dist.)

—=—=- LH (short+long dist.)
SM. short distance

———= LH. short distance

d

® Orthogonal to B%—p*p-

® Effects in up quark sector 5 1 15,2 25 3
m, [GeV |

® | ong distance resonance Little Higgs models with new up sector
production | vector quark
® BR =19%]0¢ Eajfer et al. hep-ph/0511048
RPV in the up sector and not the down

sector
Burdman et al. hep-ph/0112235




Select events with m(UH) in
region of the (p mass

o N(Ds%) =254+ 36

e N(D*) =115% 31

Events / 5 MeV/c’

Statistical Significance

0_| PRI T N TR T N T RN N |
80 for Ds* and 4.1 0 for D* 040 065 090 LI5 140
. . (W'W) (GeVic)
® First observation of Ds* LR
. . 8 -1
® First evidence of D* ' DO, 13"

BR(D* @MU =2y 1) =
(1.8 £0.5 £0.6)x 10

Events / 20 MeV/c>

0 R N T S
140 165 190 215 240
m(x u W) (GeV/ed)




® Exclude resonant (P— UM
mass region

® |9 candidates in D*
region

® Expect 25.8+4.6
background events
(p-value=0.14)

2

-
e

Events / 20 MeV/c

n

® Normalise to D™= @TT"

AL

® BR(D*—puTT) : I |
6 % | J T AT T B
<3.9x10%at 90% CL 140 165 190 215 240
m(7 uu) (GeV/eY)




® Measurement of Vts & Vtd now limited by theoretical inputs
® Decade before significant improvement?

® B & D rare decays provide a sensitive probe into new physics
® Sensitive to theoretical predictions in several extensions
to the standard model.
® Complementary to direct searches

® DO & CDF will make major inroads before the LHC gets
up and running

® Significant improvements expected with data set that should
increase by a factor of 4




